Introduction
The Dry Eye Workshop subcommittee (DEWS) defined dry eye (DE) as a "multifactorial disease of the tears and ocular surface that results in symptoms of discomfort, visual disturbance, and tear film instability with potential damage to the ocular surface. It is accompanied by increased osmolality of the tear film and inflammation of the ocular surface". 1 Based on this definition, it is seen that DE represents a complex process, which involves both symptoms and signs of various diseases. The latter can include decreased tear production, increased tear evaporation, corneal epithelial disruption, and/or meibomian gland changes. The epidemiology of DE has been evaluated in several large population-based studies both in the US and abroad with a wide range of frequencies reported for DE symptoms (6%-50%), signs (16%-85%), submit your manuscript | www.dovepress.com
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Martinez et al and symptoms plus signs (73%-93%). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Such different estimates may arise not only due to different ascertainment methodologies but also due to intrinsic differences in the populations studied. For example, the study with a 6% symptom frequency ascertained symptoms by the presence of any severe DE symptoms through a 7-item questionnaire in a population from Melbourne, Australia, 6 whereas the study with a 50% symptom frequency asked about the presence of any positive symptoms through a 6-item questionnaire in Mongolian people in the People's Republic of China. 9 In a similar manner, the study with an objective frequency of 16% ascertained DE signs by positive Schirmer's test in Melbourne, Australia, population, whereas the study with 85% symptom frequency ascertained signs by positive tear film break-up time (TBUT) in elderly Korean population. 6, 8 For example, meibomian gland dysfunction appears more common in Asian countries compared with the USA. 15 In the present study, the methodology for the diagnosis of DE symptoms and signs was standardized according to the last publication of the DE workshop. 17 Two studies specifically investigated the prevalence of DE symptom in Hispanic populations with reported frequencies of 18% and 25% in a Spanish population-based study and Hispanic American hospital-based study, respectively. 2, 18 No data are available about the epidemiology of DE in Hispanic populations in Latin America. As such, there is a knowledge gap regarding the frequency of DE in this population, as well as risk factors for the different components of DE, including symptoms and specific signs. This information is important as these data can be used to stratify material and human resources and optimize hospital-based diagnostic algorithms. As such, the purpose of this study was to evaluate the epidemiology of DE in a hospital-based population.
Methods
study population
All new patients who presented to the outpatient clinic of a referral ophthalmology center (Asociación para Evitar la Ceguera) in Mexico City between November 2012 and February 2013 were included in this cross-sectional study. Inclusion criteria were patients were consulting for the first time and were 16 years and older. Exclusion criteria included patients who needed emergency care and who were unable to follow the instructions. The Institutional Review Board and Ethics Committee approval was obtained. The study protocol was approved by the Ethics Committee and the Research Committee of Asociación para Evitar la Ceguera. The research work followed the tenets of the Helsinki Declaration based on the approval by the Institutional Review Board of the hospital and was conducted after obtaining written informed consent from the patients in accordance with institutional guidelines. A total of 350 patients met these criteria between the dates ascertained, and of those, 338 were enrolled into the study. Reasons for nonparticipation of the remaining 12 patients included needing emergency eye surgery (n=8) and mental disabilities (n=4).
symptom-based De assessment
Symptoms of DE were evaluated using two questionnaires that had been validated for Spanish language based on the Mapi Institute guidelines, 19 the Ocular Surface Disease Index (OSDI), and the Dry Eye Questionnaire-5 (DEQ-5). 20, 21 We used these two questionnaires to ease the comparisons with prior DE studies.
14,22 DE symptoms were graded as follows: based on the OSDI score: none (0-12), mild-moderate (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) , and severe (33-100); and based on the DEQ-5 score: none (0-5), mild-moderate (6-11), and severe ($12). 23, 24 Risk factor analyses examined which factors were associated with severe DE symptoms by OSDI ($33) and DEQ-5 ($12).
Objective De assessment
Patients underwent a comprehensive examination test sequence following the Dry Eye Workshop subcommittee diagnostic methodology steps. 16 The measurements included, in the order that they were performed, TBUT (4 µL of sterile fluorescein placed in conjunctival sac), fluorescein staining (classified by Oxford protocol), 16 Schirmer's test with anesthesia, 16 and assessment of meibum quality, rated on a scale of 0-4 (0, clear; 1, cloudy; 2, granular; 3, toothpaste type; and 4, no meibum extracted). 25 Patients were considered to have aqueous tear deficiency if their Schirmer's score was #5, evaporative tear deficiency if the TBUT was #5, and meibomian gland dysfunction if the meibum quality was $2. A corneal staining score $2 was considered abnormal. In each participant, the eye with worse signs was used for the analysis. . Information on ocular diagnoses included use of contact lens (CL), previous ocular surgery, and use of topical medication (artificial tears). Information on various medical conditions and complaints (diabetes, arthritis, thyroid problems, self-reported dry mouth, acne, and depression) and systemic medications (antihypertensive drugs, antihistamines, diuretics, gastrointestinal (GI) ulcer medication, and multivitamins) was also collected.
Patient information
statistical analysis
The data were compiled and subjected to statistical analysis using SPSS Version 20 (IBM Corporation, Armonk, NY, USA). Descriptive statistics were first applied to the population. Linear regression analyses were used to examine the variability of symptoms by DE signs. Pearson correlations were used to assess correlations between metrics. Chi-square, Fischer exact, and student t-tests were used (as appropriate) to compare for differences between the groups. Logistic regression analyses were used to identify risk factors for the different DE metrics (subjective and objective). P-values #0.05 were considered to be of statistical significance.
Results
study population
A total of 338 consecutive patients were included in the analysis. Their mean (standard deviation) age was 45 (16) years (range, 16-85 years), and 187 (55%) of 338 patients were women (Table 1) . Of note, only a minority of individuals (16%) had comorbid ocular conditions including Sjögren's syndrome (n=1), glaucoma (n=6), use of contact lens (n=11), and previous ocular surgery (n=32) ( 
Frequency of De symptoms and associated risk factors
The two DE questionnaires were moderately correlated (r=0.56, P,0.0005). Overall, the frequency of any DE symptoms was 78% by OSDI and 74% by DEQ-5. More patients reported severe symptoms through OSDI than through DEQ-5 ( Table 1) . Severe DE symptoms were most frequent in individuals aged 76-85 years (where 38%, n=3/8, had DEQ-5 $12) followed by individuals aged 46-55 years (36%, n=26/73). The groups with the lowest frequency were those aged 66-75 years (18%, n=6/34); however, these differences were not statistically significant ( Figure 1 ). As has been reported in previous studies, no significant associations were found between symptoms and clinical signs of DE. 26 In fact, when all the signs of DE were considered, 3% of the variability in DEQ-5 scores and 5% of the variability in OSDI scores were explained by tear film parameters (TBUT, corneal staining, Schirmer's, and meibomian gland dysfunction [MGD] ).
Frequencies of the studied demographics and comorbidities within the two DE symptom groups (severe DE symptoms versus no severe DE symptoms) are listed in Table 2 . While age and sex were not found to correlate with DE symptoms, in our study several risk factors were identified including having a dry mouth (threefold increased risk by OSDI, 95% CI 1.6-5.5 and 1.9 fold increased by DEQ-5, 95% CI 1.1-3.5) and use of a GI ulcer medication (2.3 fold increased risk by OSDI, 95% CI 1.1-5.1). When both dry mouth and GI ulcer medication use were considered in a forward stepwise logistic regression analysis, both the entities remained significantly associated with severe DE symptoms according to OSDI. 
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Frequency of De signs and associated risk factors
In total, 94% of patients had at least one abnormality on clinical examination (Schirmer's, TBUT, MGD, or staining) ( Table 1) . TBUT abnormalities were most common (n=319, 94%), followed by MGD (n=228, 68%), aqueous tear deficiency (ATD) (n=74, 22%), and corneal staining (n=37, 11%). Frequencies of the studied demographics and comorbidities within those with and without ATD and tear evaporative deficiency, respectively, are listed in Table 3 . A self-reported dry mouth (OR =1.9, 95% CI 1.02-3.6) and diuretic use (OR =7.4, 95% CI 1.3-41) were the two risk factors identified for ATD. When considering both dry mouth and diuretics in a forward stepwise logistic regression analysis, both the entities remained significantly associated with ATD. None of the factors examined correlated with the presence of evaporative deficiency.
Frequencies of the studied demographics and comorbidities within those with and without MGD and corneal staining, respectively, are listed in Table 4 . Risk factors associated with MGD included older age (OR =1.07, 95% CI 1.05-1.09, per year), male sex (OR =1.7, 95% CI 1.04-2.6), arthritis (OR =7.7, 95% CI 1.001-59), and the use of an anti-hypertensive (OR =2.7, 95% CI 1.3-5.7) (Table 4) . Interestingly, use of contact lens was a protective factor for MGD (OR =0.01, 95% CI 0.02-0.5). When considering all MGD risk factors in a forward stepwise logistic regression analysis, old age (as a risk factor) and use of contact lens (as a protective factor) remained significant in the model. The only risk factor associated with corneal staining was dry mouth (OR =2.5, 95% CI 1.1-5.4).
Discussion
This study describes the frequency and risk factors for DE in patients attending a tertiary ophthalmology center in Mexico City. Using our case definitions, we found that approximately 1/3 of patients seen in our clinic reported severe DE symptoms and over 90% of them had a least one sign of DE. Similar to prior studies, 26, 27 no correlation was found between the symptoms and signs of DE. The discrepancy between the symptoms and signs of the disease may be partially explained by an evolving concept that somatosensory dysfunction may underlie some DE symptoms. 28, 29 In the eye, many events including tear hyperosmolarity, air pollution, 8% (11) 5% (9) 0.2 5% (5) 6% (15) 0.8 Depression, % (n)
4% (6) 2% (4) 0.2 3% (3) 3% (7) 0.6 systemic medications antihypertensive, % (n) 20% (29) 13% (24) 0.06 16% (16) 16% (37) 0.5 antihistamine, % (n) 3% (5) 2% (4) 0.3 2% (2) 3% (7) 0.5 Diuretics, % (n)
1% (2) 2% (4) 
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Frequency and risk factors associated with dry eye 1% (1) 4% (9) 0.3 3% (10) 0% (0) 0.9 systemic medications antihypertensive, % (n) 13% (10) 16% (43) 0.3 16% (50) 16% (3) 0.5 antihistamine, % (n)
1% (1) 3% (8) 0.6 2% (7) 11% (2) 0.09 Diuretics, % (n) 5% (4) 1% (2) 0.02
11% (8) 10% ( and surgery can injure the corneal nerves and trigger maladaptive neuroplasticity and thus neuropathic ocular pain. 28, 29 Neuropathic pain is defined as pathological neuroplasticity of the somatosensory system associated with spontaneous firing of peripheral neurons (peripheral sensitization) and/or higher sensory neurons (central sensitization). 30 Although not diagnostic of neuropathic pain (which requires direct tests of nerve conduction not available in humans), ocular complaints in some DE patients mirror those found in nonocular neuropathic pain disorders including spontaneous burning pain, hyperalgesia, and allodynia (which in the eye manifest as wind-and light-evoked pain). 29, 31 Supporting the idea that different pathophysiologies may underlie different components of DE, we found that different risk factors were associated with different symptoms and signs of disease and also that patients with self-reported dry mouth had a higher frequency of several DE components including severe symptoms, ATD, and corneal staining. This is not surprising given the known relationship between Sjögren's syndrome and ATD. 32 Interestingly though, most patients with dry mouth complaints did not have a clinical diagnosis of Sjögren's syndrome, supporting data that the condition may be underdiagnosed in the population. 33 In addition, our study supports prior work linking GI ulcer medication to DE symptoms, 34 perhaps through their antihistamine effect. However, dissimilar to prior studies, 1, 34 we did not find a significant association between the use of anti-histamine and DE symptoms.
In our population, DE symptoms were not significantly associated with age, and in fact, those 46-55 years old had the second highest frequency of symptoms. These findings are in line with the studies demonstrating DE symptoms in younger individuals, especially in those with occupational exposures such as video display terminal use. 7, 18, 35 For example, Uchino et al 35 reported that .4 hours of video display terminal use was associated with severe symptoms and clinical diagnosed DE disease. In our population, we did not see a difference in severe DE symptom frequency by indoor versus outdoor work. However, we did not specifically stratify individuals by hours of video display terminal use. In a similar manner, we found that male and female patients were equally likely to report severe DE symptoms. Initially, it was thought that the disease affected women predominantly, but our data adds to the existing literature that men also complain of severe DE symptoms and are frequently found to have the signs of DE. 36, 37 In fact, Galor et al 37 reported that 19% of men in a US Veterans Affairs population carried a diagnosis of DE and 68% of patients evaluated in her tear parameter study had one or more signs of the disease. 26 MGD is a common finding in older adults, and our data support prior findings that the frequency of MGD increases with age. 15, 25, 38 Our study also found a sex difference in MGD frequency with male patients being more likely to have abnormal meibum quality compared with female patients. This is again supported by the literature as prior studies have found a higher frequency of gland drop, lid margin telangiectasia, and meibomian gland orifice plugging in male patients compared with female patients. 39, 40 One potential explanation for this is that androgen levels are known to decrease in aging males 39 and low androgen levels have been linked with MGD in a number of different populations. 41 Unexpectedly, CL use was found to be protective for MGD, in contrast to prior studies, which reported an increased frequency of MGD in CL wearers. 15, 42, 43 Other studies, however, have not found differences in MGD by CL use. 15, 44, 45 
Limitations
This study must be considered in the setting of its limitations. This study was hospital based, without referral information available for the patients, and therefore the findings cannot be directly extrapolated to the general population or private clinical setting. Furthermore, only some but not all DE signs were measured, and therefore we cannot comment on the epidemiology of these metrics (eg, osmolarity, eyelid vascularity, and ocular surface inflammation) in our population. Furthermore, our study was cross-sectional in nature, and as such, the temporal variability of symptoms and signs of DE in our population is unknown. Finally, the frequencies of several comorbidities (eg, use of contact lens, depression, and use of antidepressant medications) were low in our population, limiting our power to assess the effect of these comorbidities on the various components of DE. Despite these limitations, our study adds to the understanding of the frequency and risk factors for DE in Hispanic populations. Furthermore, we found that different risk factors are associated with different aspects of DE. This information is important for the clinicians as it supports the idea that DE is a heterogeneous condition with different patient populations being at variable risk for different components of disease.
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